Inference of Aggregational Gaussianity in Asset Returns Exhibiting a Paretian-distribution  by Amien, Imran et al.
 Procedia Economics and Finance  25 ( 2015 )  400 – 407 
2212-5671 © 2015 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of University of Economics, Prague, Faculty of Finance and Accounting
doi: 10.1016/S2212-5671(15)00751-0 
ScienceDirect
Available online at www.sciencedirect.com
WK$QQXDO&RQIHUHQFHRQ)LQDQFHDQG$FFRXQWLQJ$&)$3UDJXHWK0D\
,QIHUHQFHRI$JJUHJDWLRQDO*DXVVLDQLW\LQ$VVHW5HWXUQV([KLELWLQJ
D3DUHWLDQGLVWULEXWLRQ
,PUDQ$PLHQD.DQVKXNDQ5DMDUDWQDPE5\DQ.UXJHUE
aActuarial Science Section, University of Cape Town, Rondebosch, 7700, South Africa 
bDepartment of Finance and Tax, University of Cape Town, Rondebosch, 7700, South Africa  
$EVWUDFW
$JJUHJDWLRQDO*DXVVLDQLW\ $*KDV ORQJEHHQFRQVLGHUHGD VW\OL]HG IDFWRIHPSLULFDODVVHW UHWXUQGLVWULEXWLRQV7KLV UHVHDUFK
OLQNVH[LVWLQJZRUNRQWKHVWDEOH3DUHWLDQ+\SRWKHVLVZLWKWKH$JJUHJDWLRQDO*DXVVLDQLW\K\SRWKHVLVDQGQRWHVWKDWWKHWZRDUH
LQFRPSDWLEOH:HXVHVLPXODWLRQWRVKRZWKDWXQGHUFHUWDLQFRQGLWLRQV$*FDQEHIDOVHO\LQIHUUHGWRKROGLQDGDWDVHWH[KLELWLQJ
WKHVWDEOH3DUHWLDQGLVWULEXWLRQ

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RI8QLYHUVLW\RI(FRQRPLFV3UDJXH)DFXOW\RI)LQDQFHDQG$FFRXQWLQJ
Keywords:$JJUHJDWLRQDO*DXVVLDQLW\$VVHWUHWXUQV3DUHWLDQGLVWULEXWLRQ
,QWURGXFWLRQ
$PRQJVWSRUWIROLRPDQDJHUVDQGDFDGHPLFVVWRFKDVWLFPRGHOVDUHFRPPRQO\XVHGWRIRUHFDVWDVVHWUHWXUQVDQG
SULFHV2QH RI WKHPRVWZLGHO\XVHG FRQYHQWLRQV LQ DVVHW SULFHPRGHOOLQJ LV WR DVVXPH WKDW WKDW UHWXUQV DUH ORJ
QRUPDOO\GLVWULEXWHG7KLVLVHTXLYDOHQWWRDVVXPLQJWKDWORJUHWXUQVDUHQRUPDOO\GLVWULEXWHG,WKDVEHHQREVHUYHGLQ
PDQ\HPSLULFDO VWXGLHV WKDWZKLOH ORJUHWXUQVRIHTXLW\ UHWXUQVDUHQRQQRUPDORYHUVKRUW WLPHVFDOHV VHH.HQGDOO
 )DPD  DQG &RQW  WKH GLVWULEXWLRQV EHFRPH FORVHU WR QRUPDO ZKHQ PHDVXUHG RYHU ORQJHU
WLPHVFDOHVVHH.HQGDOODQG(EHUOHLQDQG.HOOHU7KLVFRQYHUJHQFHLQGLVWULEXWLRQWRZDUGVQRUPDOLW\
DVWKHWLPHVFDOHLQFUHDVHVLVUHIHUUHGWRDV$JJUHJDWLRQDO*DXVVLDQLW\$*DQGLVZHOOGRFXPHQWHGLQWKHOLWHUDWXUH


&RUUHVSRQGLQJDXWKRU
E-mail address:$01,05#P\XFWDF]D
© 2015 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of University of Economics, Prague, Faculty of Finance and Accounting
401 Imran Amien et al. /  Procedia Economics and Finance  25 ( 2015 )  400 – 407 
DQGFRQVLGHUHG WREH D VW\OL]HG IDFWRI HTXLW\ UHWXUQV &RQW+RZHYHU HPSLULFDO GLVWULEXWLRQV WHQG WRKDYH
WDOOHUSHDNVDQGIDWWHUWDLOVWKDQWKHQRUPDOGLVWULEXWLRQZRXOGDOORZDQGDUHFDOOHGOHSWRNXUWLF0DQGHOEURWLQ
SDUWLFXODU KDV VKRZQ WKDW WKH VWDEOH3DUHWLDQ GLVWULEXWLRQ LV D EHWWHU ILW RI HPSLULFDO DVVHW GLVWULEXWLRQV WKDQ WKH
QRUPDOGLVWULEXWLRQ ,Q WKLVSDSHUZH VKRZ WKDWZKHQDVVHW UHWXUQVH[KLELW D3DUHWLDQGLVWULEXWLRQQRUPDOLW\ WHVWV
XQGHUVPDOOVDPSOHVL]HFRQGLWLRQVPD\UHVXOWLQIDLOXUHWRUHMHFWWKHSUHVHQFHRI$*

)RUWKHVDNHRIFRQYHQLHQFHWKHWHUPVUHWXUQVDQGORJUHWXUQVZLOOEHXVHGLQWHUFKDQJHDEO\LQWKLVSDSHUDOWKRXJK
LW LV WKH GLVWULEXWLRQ RI ORJUHWXUQV WKDW DUH SULPDULO\ RI LQWHUHVW ,W VKRXOG DOVR EH QRWHG WKDW ZKLOH WKH PRVW
FRPPRQO\ PRGHOOHG DVVHW FODVVHV DUH VWRFNVHTXLWLHV RI OLVWHG FRPSDQLHV WKLV SDSHU ZLOO UHIHU WR DVVHW UHWXUQ
GLVWULEXWLRQVLQJHQHUDOEHLQJDSSOLFDEOHWRDQ\DVVHWFODVVZKHUHQRUPDOLW\LVDVVXPHG

7KHQRUPDOGLVWULEXWLRQKDVEHHQVWXGLHGLQGHWDLOLQVWDWLVWLFDOOLWHUDWXUHDQGLWVSURSHUWLHVDUHZHOOGRFXPHQWHG
WKXV DVVXPLQJ WKDW ORJUHWXUQV DUHQRUPDOO\GLVWULEXWHG VLPSOLILHV WKH DSSOLFDWLRQRI WKHVHPRGHOV7KHXVHRI WKH
QRUPDOLW\DVVXPSWLRQLVVHHQLQPDQ\ZLGHO\XVHGPRGHOVVXFKDVWKH%ODFN6FKROHVDQG0HUWRQPRGHOVDQGRWKHUV
WKDWUHO\RQ%URZQLDQ0RWLRQ3DVFXFFL,WLVDOVRSUHVHQWLQGLUHFWO\LQPRGHOVWKDWKDYHQRUPDOO\GLVWULEXWHG
HUURUV DURXQG VRPH NQRZQPHDQ VXFK DV WKH &DSLWDO $VVHW 3ULFLQJ0RGHO &$30PXOWLIDFWRUPRGHOV OLQHDU
UHJUHVVLRQPRGHOVDQGWLPHVHULHVPRGHOV&RFKUDQH

+RZHYHUWKHQRUPDOLW\DVVXPSWLRQLVDOVRRQHRIWKHPRVWZLGHO\FRQWUDGLFWHGDVVXPSWLRQVLQWKHOLWHUDWXUH'XH
WR WKH REVHUYHG QRQQRUPDOLW\ RI UHWXUQV PDQ\ EHOLHYH WKDW XVLQJ VWRFKDVWLF PRGHOV ZKLFK DUH UHOLDQW RQ WKH
QRUPDOLW\ DVVXPSWLRQPLVUHSUHVHQWV WKH ULVNV LQ LQYHVWPHQWGHFLVLRQPDNLQJ 7DOHE'HVSLWH WKLV QRUPDOO\
GLVWULEXWHGPRGHOVFRQWLQXHWRVHHZLGHVSUHDGXVHGXHWRWKHLUGHVLUDEOHSURSHUWLHVDQGWKHODUJHYROXPHRIOLWHUDWXUH
DYDLODEOHRQWKHP

,QGHVFULELQJ$*LWVKRXOGEHXQGHUVWRRGWKDWWKHVWDWLVWLFDOGLVWULEXWLRQRIDVVHWUHWXUQVGHSHQGVLPSOLFLWO\RQWKH
WLPHVFDOHXVHGWRFDOFXODWHUHWXUQV7KHUHODWLRQVKLSEHWZHHQUHWXUQVDQGORJ5HWXUQVLV
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
7KXVDVFDQEHVHHQIURP(TXDWLRQGLIIHUHQWORJUHWXUQVFDQEHFDOFXODWHGGHSHQGLQJRQWKHWLPHVFDOHXVHGWKH
VL]HRI¨WDQGWKXVWKHVWDWLVWLFDOGLVWULEXWLRQRIGDLO\UHWXUQVRIWHQGLIIHUVIURPWKDWRIPRQWKO\UHWXUQVDQGVRRQ

0HDVXULQJORJUHWXUQVRYHUORQJHUWLPHVFDOHVLVHTXLYDOHQWWRWHPSRUDODJJUHJDWLRQ5\GEHUJLH

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DJJUHJDWLRQ
 ZLOO EH XVHG LQWHUFKDQJHDEO\ LQ WKLV SDSHU 5\GEHUJ
 DOVR DUJXHV WKDW VLQFH ORQJHU WLPHVFDOHV FDQ EH FRQVLGHUHG D VXP RI UDQGRP YDULDEOHV WKHQ SURYLGHG LWV
FRQGLWLRQVKROGWKH&HQWUDO/LPLW7KHRUHPVKRXOGFRPHLQWRHIIHFWDQGWKHGLVWULEXWLRQRIORJUHWXUQVVKRXOGWHQGV
WRZDUGV*DXVVLDQDVWLPHVFDOHLQFUHDVHV

0DQ\SUHYLRXVVWXGLHVRQPDUNHWVDURXQG WKHZRUOGH[DPLQHGVWRFNVRQ WKH'$;(EHUOHLQDQG.HOOHU
1<6(5\GEHUJ&$&+HUOHPRQWDQG6^?	`3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UHVSHFWLYHO\0DQ\ VWXGLHVXVHGTXDOLWDWLYH DQDO\VLV VXFK DV44SORWV7KHUHZDV HYLGHQFHXVLQJ44SORWV WKDW
ZKLOH UHWXUQV DUH VHYHUHO\ QRQ1RUPDO RYHU VKRUWHU WLPHVFDOHV NXUWRVLV GHFUHDVHV DQG WDLOV EHFRPH WKLQQHU DV
WLPHVFDOH LQFUHDVHV$VDUHVXOW$*ZDV LQIHUUHGGHVSLWHPDQ\RI WKHVHVWXGLHVXVLQJVPDOOVDPSOHV$JJUHJDWLQJ
GDWDQHFHVVDULO\ORZHUVVDPSOHVL]H)RULQVWDQFHLQDPDUNHWZLWKWUDGLQJGD\VDZHHNGDLO\REVHUYDWLRQV
DJJUHJDWHV WRRQO\\HDUO\REVHUYDWLRQV6PDOO VDPSOHVFDQ UHVXOW LQ LQFRUUHFWGHFLVLRQVHVSHFLDOO\ VLQFH IRUPDO
WHVWV RI QRUPDOLW\ EHFRPH XQUHOLDEOH ZKHQ VDPSOHV DUH VPDOO 7KLV LV RQH SRVVLEOH H[SODQDWLRQ IRU WKH VLWXDWLRQ
ZKHUHQRUPDOLW\LVUHMHFWHGDWVKRUWHUWLPHVFDOHVZKHUHGDWDDUHSOHQWLIXOEXWWKHQLVQRWUHMHFWHGDWORQJHUWLPHVFDOHV
ZKHUHGDWDDUHVFDUFH

,QVXPPDU\WKHUHFHQWZRUNE\%RDYLGDVXJJHVWVWKDW$*FDQQRWDOZD\VEHDVVXPHGDVVW\OL]HGIDFWLQD
UHWXUQVGDWDVHW&RQVHTXHQWO\LWPD\QRWDFFHSWDEOHWRXVHLWDVHYLGHQFHWRVXSSRUWWKHXVHRIQRUPDOO\GLVWULEXWHG
PRGHOV ,Q HVVHQFH LQ GDWD VHWV WKDW DUH QRQQRUPDO DW VKRUW WLPHVFDOHV DQGGR QRW DJJUHJDWH WR*DXVVLDQ XVLQJ
QRUPDOO\GLVWULEXWHGPRGHOVHYHQDVDSSUR[LPDWLRQVPD\QRWEHMXVWLILDEOH

$SDUDOOHOOLQHRIUHODWHGUHVHDUFKKDVEHHQILQGLQJDQDSSURSULDWHGLVWULEXWLRQDOILWIRUDVVHWUHWXUQV0DQGHOEURW
 VXJJHVWHG WKH VWDEOH3DUHWLDQ GLVWULEXWLRQ WR GHVFULEH DVVHW UHWXUQV LQ DVVHW SULFH PRGHOOLQJ 7KH VWDEOH
3DUHWLDQGLVWULEXWLRQVRPHWLPHVFDOOHGWKH3DUHWLDQRUĮVWDEOHGLVWULEXWLRQLVDSDUDPHWHUPXOWLIUDFWDOGLVWULEXWLRQ
WKDWFDQEHXVHGWRGHVFULEHWKHKLJKSHDNHGIDWWDLOHGGLVWULEXWLRQVRIWHQIRXQGHPSLULFDOO\

2ISDUWLFXODULPSRUWDQFHWRWKLVZRUNRQWKH3DUHWLDQGLVWULEXWLRQLVWKHĮSDUDPHWHUĮZKLFKGLFWDWHV
WKHKHDYLQHVVRIWKHWDLOV(EHUOHLQDQG.HOOHUQRWHWKDWIRUĮWKH3DUHWLDQGLVWULEXWLRQKDVLQILQLWHYDULDQFH
DQG IRU Į  WKH ILUVW PRPHQW LV XQGHILQHG )RU PRVW FDVHV QR FORVHG IRUP H[LVWV IRU WKH SUREDELOLW\ GHQVLW\
IXQFWLRQ7KHVHXQGHVLUDEOHVWDWLVWLFDOSURSHUWLHVPD\H[SODLQZK\WKHVWDEOH3DUHWLDQGLVWULEXWLRQZLWKĮLVQRWDV
ZLGHO\XVHGDVWKHQRUPDOGLVWULEXWLRQGHVSLWHEHLQJDPRUHDFFXUDWHGHVFULSWLRQRIDVVHWUHWXUQV)DPD)RU
Į  WKH 3DUHWLDQ EHFRPHV D QRUPDO GLVWULEXWLRQ LQGLFDWLQJ WKDW WKH QRUPDO GLVWULEXWLRQ EHORQJV WR WKH VWDEOH
3DUHWLDQIDPLO\RIGLVWULEXWLRQV

7KH 3DUHWLDQ GLVWULEXWLRQ LV DOVR VFDOHLQYDULDQW 7KLV LPSOLHV WKDW WKH ĮSDUDPHWHU GRHV QRW FKDQJH ZLWK
DJJUHJDWLRQ7KLV SURSHUW\ LV DOVR FDOOHG VXPPDELOLW\ RU VWDELOLW\ XQGHU DGGLWLRQ7KXV IRU Į WKH REVHUYDWLRQV
IURP D 3DUHWLDQ GLVWULEXWLRQ FDQQRW DJJUHJDWH WR QRUPDOLW\ VLQFH Į  7KXV LI WKH GDLO\ UHWXUQV GDWD KDYH EHHQ
VDPSOHGIURPD3DUHWLDQGLVWULEXWLRQZLWKĮ WKHGDWDVHWFDQQRWSRVVHVV WKH$*SURSHUW\5\GEHUJKDV
QRWHGWKDW3DUHWLDQGLVWULEXWLRQVDQG$*DUHLQFRPSDWLEOHDQGKDVVXJJHVWHGWKDWE\LQIHUULQJ$*RQHFDQUHMHFWWKH
VWDEOH3DUHWLDQK\SRWKHVLV,WIROORZVWKDWZKHQ$*LVVSXULRXVO\LQIHUUHGLWFDQOHDGWRDQLQFRUUHFWUHMHFWLRQRIWKH
3DUHWLDQK\SRWKHVLV

,Q6HFWLRQZHGHVFULEHRXUVLPXODWLRQH[SHULPHQWDQGH[KLELWWKHUHVXOWV7KLVLVIROORZHGE\DGLVFXVVLRQRI
WKHUHVXOWVLQ6HFWLRQDQGILQDOO\ZHFRQFOXGHDQGUHFRPPHQGQH[WVWHSVLQ6HFWLRQ

6LPXODWLRQDQG5HVXOWV

$*LVFRPPRQO\LQIHUUHGE\QRWLQJWKDWIRUHPSLULFDOGLVWULEXWLRQVWKHSHDNVIODWWHQDQGWKHWDLOVEHFRPHWKLQQHU
ZLWK DJJUHJDWLRQ%HDULQJ LQPLQG WKDWPDQ\ UHWXUQ GLVWULEXWLRQV DURXQG WKHZRUOG FDQEH FRQVLGHUHG3DUHWLDQ DW
VKRUW WLPHVFDOHV DQG WKDW 3DUHWLDQV FDQQRW DJJUHJDWH WR *DXVVLDQ WKLV VLPXODWLRQ ZLOO VKRZ WKDW WKLV FULWHULD LV
LQVXIILFLHQWWRLQIHU$*DQGFDQLQVRPHFDVHVFDXVHVVSXULRXVLQIHUHQFHRI$*ZKHUHLWFDQQRWEHSUHVHQW



6HH)UDLQIRUDGGLWLRQDOOLWHUDWXUHRQWKHVWDEOH3DUHWLDQGLVWULEXWLRQDQGUHODWHGSURFHVVHV
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7ZR LGHQWLFDO VLPXODWLRQV DUH FDUULHG RXW $ QXPEHU RI LQGHSHQGHQW REVHUYDWLRQV IURP D VWDEOH3DUHWLDQ
GLVWULEXWLRQDUHJHQHUDWHG7KHVHDUHFRQVLGHUHG WREHGDLO\ ORJUHWXUQV7KHGDLO\ ORJUHWXUQVDUH WKHQDJJUHJDWHG
VHTXHQWLDOO\ LQWR ZHHNO\ PRQWKO\ TXDUWHUO\ DQG \HDUO\ ORJUHWXUQV 44 SORWV DQG ILWWHG KLVWRJUDPV DUH WKHQ
SURGXFHGDQGIRUPDOWHVWVRIQRUPDOLW\DUHUXQDWHDFKWLPHVFDOH:KHUH6LPXODWLRQDQG6LPXODWLRQGLIIHULVLQ
WKH VL]H RI WKH GDWD VHW ,Q 6LPXODWLRQ   GDLO\ UHWXUQVZHUH JHQHUDWHG UHVXOWLQJ LQ ZHHNV 
PRQWKVTXDUWHUVDQG\HDUV,Q6LPXODWLRQ'DLO\UHWXUQVZHUHJHQHUDWHGUHVXOWLQJLQZHHNV
PRQWKVTXDUWHUVDQG\HDUV

7KLVVLPXODWLRQDVVXPHGWUDGLQJGD\VLQDZHHNZHHNVLQDPRQWKDQGPRQWKVLQD\HDU7KHSDUDPHWHUV
RIWKH3DUHWLDQGLVWULEXWLRQXVHGLQWKLVVLPXODWLRQĮ VWDELOLW\ȕ VNHZQHVVȖ VSUHDGį PHDQ
DUHWDNHQIURP)UDLQDQGSUHYLRXVO\XVHGWRWHVWWKHUREXVWQHVVRIWHVWVRIQRUPDOLW\ZKHQWKHDOWHUQDWLYHLVD
3DUHWLDQ


$QDO\VLVRI5HVXOWV
7KHUHVXOWVDUHVKRZQLQWKHILJXUHVDQGWDEOHVRYHUOHDI

)LJXUH D VKRZV WKDW WKH GLVWULEXWLRQ RI GDLO\ UHWXUQV IURP 6LPXODWLRQ  LV KHDYLO\ OHSWRNXUWLF DQGPDQ\ WDLO
REVHUYDWLRQVGRWWKHKRUL]RQWDOD[LV6RPHRIWKHVHREVHUYDWLRQVKDYHDGLVWDQFHRIDVPXFKDVVLJPDRUJUHDWHU
$VWKLVDJUHHVZLWKHPSLULFDOREVHUYDWLRQLWVKRXOGEHDSSDUHQWZK\WKHQRUPDOGLVWULEXWLRQLQDGHTXDWHO\H[SODLQV
WKHEHKDYLRXURIUHWXUQV7KHVHWDLOREVHUYDWLRQVKDYHDORZSUREDELOLW\EXWDGLVSURSRUWLRQDWHO\KLJKLPSDFW7DOHE
 KDV GXEEHG WKHVH WKH %ODFN 6ZDQ HYHQWV $V WKH GDWD IURP 6LPXODWLRQ  LV DJJUHJDWHG WKH SHDN RI WKH
GLVWULEXWLRQ IODWWHQV DQG REVHUYDWLRQV FOXVWHU DURXQG WKHPLGGOH DV VKRZQ LQ )LJXUHV D  H1RWH WKH FRQWLQXHG
SUHYDOHQFHRI%ODFN6ZDQVDWDOOWLPHVFDOHVWKHSUREDELOLW\RIWKLVRFFXUULQJIRUDVDPSOHRIREVHUYDWLRQVIURP
DQRUPDOGLVWULEXWLRQLVQHJOLJLEOH1RWHWKDWWKHGLVWULEXWLRQUHPDLQVOHSWRNXUWLFHYHQDWKLJKHUWLPHVFDOHV,WZRXOG
EHH[SHFWHG WKDWZHUH WKHUH WREHPRUHREVHUYDWLRQV WKH\HDUO\ WLPHVFDOHZRXOGPRUHFORVHO\ UHVHPEOH WKHGDLO\
WLPHVFDOH7KH44SORWVLQ)LJXUHVDHDQGWKHWHVWVRIQRUPDOLW\LQ7DEOHDOVRFRQILUPWKHVHILQGLQJVWKH\
UHMHFWQRUPDOLW\RXWULJKWDWDOOWLPHVFDOHV




LHWUDGLQJGD\VD\HDU5HDOVWRFNPDUNHWVKDYHDURXQGWUDGLQJGD\VD\HDU
7KHSDUDPHWHUVKDYHQRWEHHQYDULHGDVWKLVLVPHUHO\DQLOOXVWUDWLYHH[DPSOHRIKRZ$*FDQEHIDOVHO\LQIHUUHG
XQGHUVPDOOVDPSOHV
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)LJ5HVXOWVRI6LPXODWLRQZLWKHTXLYDOHQWRI\HDUVRIGDWDD'DLO\E:HHNO\F0RQWKO\G
4XDUWHUO\DQGH$QQXDOO\

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)LJ5HVXOWVRI6LPXODWLRQZLWKHTXLYDOHQWRI\HDUVRIGDWDD'DLO\E:HHNO\F0RQWKO\G
4XDUWHUO\DQGH$QQXDOO\

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7DEOH7DEOHRISYDOXHVIURP7HVWVRI1RPDOLW\RQ6LPXODWLRQQRWH$'±$QGHUVHQ'DUOLQJ
Test Daily Weekly Monthly Quarterly Yearly
JarqueͲBerra 0.000 0.000 0.000 0.000 0.000
ShapiroͲWilk 0.000 0.000 0.000 0.000 0.000
AD 0.000 0.000 0.000 0.000 0.000

7DEOH7DEOHRISYDOXHVIURP7HVWVRI1RPDOLW\RQ6LPXODWLRQQRWH$'±$QGHUVHQ'DUOLQJ
Test Daily Weekly Monthly Quarterly Yearly
JarqueͲBerra 0.000 0.000 0.000 0.007 0.448
ShapiroͲWilk 0.000 0.000 0.000 0.016 0.859
AD 0.000 0.000 0.000 0.025 0.819

6LPXODWLRQLVLGHQWLFDOWR6LPXODWLRQZLWKEXWOHVVGDWDLH\HDUVDVRSSRVHGWR,WVKRXOGEHQRWHGWKDW
\HDUV LV VWLOO JHQHURXV IRU VRPHPDUNHWV DQGPDQ\ HPSLULFDO VWXGLHVKDYHXVHG OHVV )LJXUHD VKRZV WKDW WKH
GLVWULEXWLRQRIGDLO\UHWXUQVLQ6LPXODWLRQLVDOVROHSWRNXUWLF)LJXUHVDHVKRZWKDWDVWKHGDWDIURP6LPXODWLRQ
LVDJJUHJDWHGWKHSHDNIODWWHQVDQGWKH%ODFN6ZDQVGLVDSSHDU7KLVLVLQOLQHZLWK6LPXODWLRQ%HJLQQLQJDWWKH
PRQWKO\WLPHVFDOH)LJXUHFKRZHYHUFKDQJHVDUHQRWHG$VWKHSHDNVKULQNVDQGWKHWDLOREVHUYDWLRQVGLVDSSHDU
WKHQRUPDOGLVWULEXWLRQDSSHDUVWRJLYHDEHWWHUILW%\WKH\HDUO\WLPHVFDOH)LJXUHHWKHSHDNLVUHODWLYHO\IODWDQG
WKH%ODFN6ZDQVKDYHGLVDSSHDUHGXQGHUDJJUHJDWLRQ7KH44SORWVDSSHDUWRFRQILUPWKHVDPH0RVWVXUSULVLQJ
DUHWKHQRUPDOLW\7HVWVLQ7DEOHE\WKH\HDUO\WLPHVFDOHDOO WKUHHWHVWVIDLO WRUHMHFWWKHQXOOK\SRWKHVLVWKDWWKH
GDWD DUH QRUPDOO\GLVWULEXWHG 7KHUH DUH VHULRXV FRQWUDGLFWLRQV KHUH )LUVWO\ 6LPXODWLRQ  DQG 6LPXODWLRQ  DUH
VDPSOHG IURP WKH VDPH GLVWULEXWLRQ DQG VKRXOG KDYH LGHQWLFDO VWDWLVWLFDO SURSHUWLHV 6HFRQGO\ VLQFH WKH 3DUHWLDQ
GLVWULEXWLRQLVVFDOHLQYDULDQWLWIROORZVWKDWWKHGDWDFDQQHYHUDJJUHJDWHWRQRUPDO+RZHYHU6LPXODWLRQDSSHDUV
WRDJJUHJDWHWRQRUPDOLW\ZKLOH6LPXODWLRQGRHVQRW

7KHZRUNRI7DOHESURYLGHVDSRVVLEOHH[SODQDWLRQIRUWKLV7KHVKDSHRIWKH3DUHWLDQGLVWULEXWLRQDFWXDOO\
UHPDLQVWKHVDPHEXWPDQ\RIWKHGLVWULEXWLRQDOSURSHUWLHVDUHQRWDSSDUHQWZKHQGDWDDUHLQVXIILFLHQW7DLOHYHQWV
DUHKLGGHQIURPWKHGLVWULEXWLRQXQWLOWKH\RFFXUZKLOHRWKHUHYHQWVZLOOFOXVWHUDURXQGWKHPLGGOHOHDGLQJWRH[FHVV
NXUWRVLV7DOHE  FDOOV WKLV WKH SULQFLSOH RI KLGGHQ HYLGHQFH 7KLV DOVR H[SODLQVZK\ WKH GDLO\ UHWXUQV IURP
6LPXODWLRQKDYHDWDOOHUSHDNDQGIDWWHUWDLOVWKDQWKHGDLO\UHWXUQVIURP6LPXODWLRQ7KLVSULQFLSOHDSSOLHVWR$*
DVIROORZVUHWXUQVGDWDDUHSOHQWLIXODW WKHGDLO\VFDOHEXWVSDUVHDWWKH\HDUO\VFDOHZKHUHLWKDVEHHQDJJUHJDWHG
7KH GDWD WKXV DSSHDUV WR EH OHSWRNXUWLF DW ORZHU WLPHVFDOHV DQG VR WKH 3DUHWLDQ ILWV ZHOO EXW DV WKH GDWD DUH
DJJUHJDWHG WKHSHDNIODWWHQVDQG WKH WDLOVEHFRPH WKLQDQGVR WKHGDWDDSSHDUV WREHFRPHQRUPDO+RZHYHU LW LV
NQRZQWKDWD3DUHWLDQFDQQRWDJJUHJDWHWR*DXVVLDQ+HQFHWKH\HDUO\GDWDVSXULRXVO\DSSHDUVQRUPDOEHFDXVHLWLV
DQDO\VHGRYHUWRRVKRUWDSHULRGVXFKDV\HDUV,QGHHGZKHQWKHGDWDDUHDQDO\VHGRYHUDORQJHUSHULRGVXFKDV
\HDUVLWLVDOPRVWFHUWDLQO\QRQQRUPDO7KXVWKLVIDOVHDJJUHJDWLRQWR*DXVVLDQXQGHUVPDOOVDPSOHVFDQOHDGWR


 7KLVLVVLPLODUWRWKHDUJXPHQWWKDWZKHQREVHUYLQJDPDQRYHUD\HDUSHULRGLWLVXQOLNHO\WKDWKHZLOOGLHD
WDLOHYHQWEXWZKHQKHLVREVHUYHGRYHUD\HDUSHULRGKLVGHDWKEHFRPHVDOPRVWDFHUWDLQW\2YHU\HDUV
WKHUHLVVSXULRXVVWDWLVWLFDOHYLGHQFHWKDWKHLVLPPRUWDO7DOHE
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WKHVSXULRXVUHMHFWLRQRIWKHVWDEOH3DUHWLDQ+\SRWKHVLVDQGFDQDSSHDUWRMXVWLI\QRUPDOO\GLVWULEXWHGPRGHOVZKLFK
GRQRWWDNH%ODFN6ZDQVLQWRDFFRXQW

7KHDERYHVLPXODWLRQKDVVKRZQKRZ$*FDQVSXULRXVO\DSSHDUXQGHUVPDOOVDPSOHV7KLVUHVHDUFK WHUPV WKLV
SKHQRPHQRQ6PDOO6DPSOH3VHXGR$JJUHJDWLRQDO*DXVVLDQLW\RU3VHXGR*DXVVLDQLW\IRUVKRUW(PSLULFDOO\UHWXUQV
ZKLFKDUHOHSWRNXUWLFDWWKHGDLO\VFDOHEXWDSSHDUWRDJJUHJDWHWRQRUPDOPD\EHGLVSOD\LQJWKLVSKHQRPHQRQ'DWD
DUHPRVWSOHQWLIXODW WKHGDLO\ WLPHVFDOHDQGWKXVPRUHUHOLDEOH7KXVDQ\UHWXUQVGDWDVHWZKLFKIDLOV WRUHMHFW WKH
VWDEOH3DUHWLDQ+\SRWKHVLVDWWKHGDLO\WLPHVFDOHVKRZVVWURQJHYLGHQFHWRUHMHFWWKH$*SURSHUW\

&RQFOXVLRQ
,Q VXPPDU\ WKLV SDSHU KDV OLQNHG WKH H[LVWLQJ ZRUN RQ WKH VWDEOH3DUHWLDQ K\SRWKHVLV WR WKH $JJUHJDWLRQDO
*DXVVLDQLW\ K\SRWKHVLV 7KH SULPDU\ FRQWULEXWLRQ RI WKLV ZRUN KDV EHHQ WR VKRZ YLD VLPXODWLRQ KRZ D VHW RI
LQGHSHQGHQW UDQGRP YDULDEOHV VDPSOHG IURP D VWDEOH3DUHWLDQ GLVWULEXWLRQ FDQ VSXULRXVO\ DSSHDU WR DJJUHJDWH WR
*DXVVLDQXQGHUVPDOOVDPSOHV7KLVZRUNVXJJHVWVWKDWVLQFHWKHVWDEOH3DUHWLDQ+\SRWKHVLVDQGWKH$*+\SRWKHVLV
DUHLQFRPSDWLEOHDIDLOXUHWRUHMHFWWKHVWDEOH3DUHWLDQ+\SRWKHVLVPD\EHHYLGHQFHWRUHMHFW$*

,Q OLJKWRI WKHILQGLQJVRI WKLV UHVHDUFKDQG WKHUHFHQWZRUNRIRWKHUV LW LVVWURQJO\UHFRPPHQGHG WKDWH[LVWLQJ
PDUNHWV WKDW KDYH ORQJ EHHQ FRQVLGHUHG WR SRVVHVV WKH SURSHUW\ WKH$* EH UHH[DPLQHG *LYHQ WKDW WKH VWDEOH
3DUHWLDQGLVWULEXWLRQLVDJRRGHPSLULFDOILWRIPDQ\PDUNHWVDURXQGWKHZRUOGDQGWKDWWKLVUHVHDUFKKDVVKRZQKRZ
3VHXGR*DXVVLDQLW\FDQRFFXULWZRXOGEHH[SHFWHGWKDWPDQ\PDUNHWVZLOOILQGHYLGHQFHDJDLQVWWKH$*K\SRWKHVLV
LQWKHIXWXUH


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